Smartphone and tablet computers apps are a promising tool to promote healthy attitudes and behaviours among older adults. A tablet computer app to support older adults in maintaining good nutrition and hydration was developed to allow them to track their intake of fruit and vegetables and appropriate liquids. A highly user-centred design lifecycle was used which culminated in a field study with fifteen older adults who used the app for two weeks. Two main themes emerged from the results of their experiences with the app: ease of use and usefulness of the app. Although there were some usability issues, overall participants found the app easy to use, straightforward and designed to do what it was supposed to do. For most of the participants, the app acted as a motivational tool helping them to change their daily diet to eat more fruit and vegetables, and to drink more liquid. healthy eating; healthy liquid intake; older adults; tablet computers; mobile apps
INTRODUCTION
Dehydration is a serious health problem, especially for older adults 1 . In the United Kingdom (UK), according to the National Health Services (NHS), dehydration is often associated with other health problem such as malnutrition (NHS, 2015) . These health problems are often associated with psychological factors such as bereavement and physiological changes such as dental and oral status that influences liquid and nutrition intake. In addition, factors such as lack of knowledge in consuming the right amount and type of liquid and nutrition intake also contributes to these health problems.
In relation to liquid intake, a four-year survey by Public Health England and the Food Standards Agency found that the average daily non-alcoholic liquid intake of older adults aged 65 and above in the UK was only 1.2 litres for men and 1.3 litres for women (Bates et al., 2014) . This is below the recommendations provided by the British Nutrition Foundation (BNF) that men drink 2 litres of nonalcoholic liquids per day, and that women drink 1.6 liters (BNF, 2017) .
Poor hydration can lead to tiredness, poor mental performance, physical weakness, dizziness and 1 We defined older adults as one who is aged 65 years or more increased risk of falls (Masento et al. 2014; Frangeskou et al. 2015) . Furthermore, prolonged dehydration can lead to longer hospital admission, increased morbidity and mortality rate (El-Sharkawy et al., 2016) .
Good nutrition is also a problem for older adults, in particular a lack of fruit and vegetables (FV) . The World Health Organization (WHO, 2016) and the NHS 2 recommends eating at least five servings of 80 grams of fruit and vegetables a day. However, the European Food Information Council (EUFIC) reported that UK's average FV intake was only 258 grams per day (EUFIC, 2012) . In addition, the fouryear survey by Public Health England and the Food Standards Agency found that the older adults aged 65 and above in the UK average FV intake was only 320 grams per day (Bates et al., 2014) .
Inadequate consumption of FV increases the risk of coronary heart disease (He et al., 2007) , increases mortality rate (Bamia et al., 2007) , and lowers quality of life (Anderson et al., 2011 , Gopinath et al., 2014 Furthermore, the WHO estimated 5.2 million deaths in 2013 were related to inadequate consumption of FV (WHO, 2016) .
Currently, mobile technologies, particularly mobile apps, are a promising tool to promote healthy attitudes and behaviours among older adults. Maintaining good health is important for physical and mental performance for everyone, and especially important for older people. To achieve this, mobile apps can be used by older adults to self-monitor their diet (Fukuo et al., 2009 , Hakobyan et al., 2016 , to engage in physical activity (Fan et al., 2012 , King et al., 2016 , or to remember to take medications (Dalgaard et al., 2013) . Most research has focused on overweight individuals with the aim to help them reduce their weight. However, there have also been studies that aim to raise awareness about their wellbeing by self-monitoring wellness (Doyle et al., 2014) .
However, little work has been done in designing and evaluating mobile apps for older people to support them in maintaining good nutrition and intake of liquids, in spite of the fact that they are both significant health issues for this age group (Elia and Russel, 2009 ).
Our preliminary work with two focus groups of older people showed that they are aware of the importance of good nutrition and keeping hydrated. However, the focus groups showed that the older adults have concerns in drinking sufficient liquid, have a lack of knowledge about the recommended daily amount of liquid to drink, the importance of drinking plain water, and the choice of other appropriate liquids to keep hydrated. The focus groups also showed that although currently only one participant uses a tablet computer, the other participants are also interested in using computers and mobile technologies too.
On the basis of information from the focus groups, guidelines for the development of apps for older adults provided by Silva et al., 2015 and Watkins et al., 2014 , as well as other research on the use of touchscreens and mobile devices for older adults (Jin et al., 2007 , Kobayashi et al., 2011 , we designed an app to support older adults in monitoring liquid intake. A low fidelity prototype of the app was evaluated by a group of experts using the collaborative heuristic evaluation method (Petrie and Buykx, 2010) . On the basis of that evaluation, a refined version of the low fidelity prototype was developed and evaluated with 20 older adults. From these evaluations, we have developed the final fully functioning version of the app to support good nutrition and hydration in older adults, the MyHealthyLiving app, allowing users to monitor whether they are eating sufficient FV and drinking sufficient liquid. This paper reports on a field study of the tablet computer version of the app. The remaining of the paper is as follows: Section 2 describes the Method of the study. In particular, Section 2.2 describes the development of the MyHealthyLiving app. Section 3 describes the Results of the study which include both quantitative and qualitative results. Section 4 reports the discussions and conclusions of the study.
METHOD

Design
A tablet computer app to support older adults to monitor their FV and liquid intake was evaluated by 15 older adults in a two-week field study. To introduce the app, a one-to-one briefing session was conducted prior the field study. To encourage participant to self-monitor their own diet, no contact was made with them during the field study. Participants used their own tablet computer during the field study.
The features of the app consist of the ability to set liquid measurement preference, add or remove FV and liquid consumed, view congratulation messages upon reaching daily target, view intake progress, and read tips on healthy living. At the end of the two week period, participants were asked to complete a short questionnaire and were interviewed. The questionnaire covered overall acceptance of the app, the ease of use of the app, the usefulness of each feature of the app, and whether each feature raises awareness and motivates the participants to eat more fruit and vegetables and drink more liquid and whether their eating and drinking habits changed during the study (all measured with 7-point Likert items). Further comments on each feature of the app were gathered via open-ended questions. The interview explored further what the participants liked and disliked about the app, what was easy and difficult to use, what changes they would like and any other comments about the app.
MyHealthyLiving App
The web-based application, MyHealthyLiving App (hereafter "the MHL App"), was developed for the iPad tablet computer platform based on previous user requirements work (see Introduction). The app was developed using Web-based technologies (i.e. PHP, CSS, and JavaScript) and MySQL as the database system. The app uses a responsive Web design approach that supports dynamic adaptation of the app interface to a device's characteristics (e.g. screen size and device orientation).
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The app followed Apple's design conventions (Apple Inc., 2017) and guidelines for the development of apps for older adults provided by Silva et al. (2015) and Watkins et al., (2014) , as well as other research on the use of touchscreens and mobile devices for older adults (Kobayashi et al., 2011; Jin et al., 2007) .
The font size for the text was at least 24px. The target size for the buttons was at least 1.5cm (height) x 1.5cm (width) each (Kobayashi et al., 2011) . The gap in between targets was at least 5mm (Jin et al., 2007) . All text was black on a white background.
The features of the app consist of the ability to set liquid measurement preference, add or remove FV and liquid consumed, view congratulatory messages upon reaching daily target, view intake progress, and read tips on healthy living.
To set liquid measurement preference, a pull-down menu with three options was designed. The options included cup, glass, and pint glass (options suggested by participants in our first evaluation). The user could change the liquid measurement option, if needed, at the "Your Preferred Liquid Measurement" page.
To update FV, buttons to add or remove a whole or ½ serving were provided (see Figure 1 (a)). The "add" buttons are green in colour, and the "remove" buttons are red. The five hearts represents the recommendation daily servings of FV. When there is no intake for the day, the instruction on how to add the intake is provided and the colours of the hearts are grey and the "remove" buttons are disabled (see Figure 1 (a)). To add intake, the user taps on any "add" button and an instant update of their intake progress is shown. The progress is shown in two options: 1) via a text message showing the number of servings and the total percentage of the overall daily target and 2) via the updated pictorial image of the hearts (see Figure  1 (b)). Upon reaching the daily target, a congratulatory message is shown (see Figure 1 (c)). When there is an intake, the "remove" buttons are then enable (see Figure 1 (b-c)).
There are two options to view one's progress. The first option is a coloured chart of the last seven consumptions only. The second is a coloured list showing all consumptions. The traffic light metaphor was used to show progress (i.e. red represents 0% to 50% of the daily target, amber represents 51% to 70%, lighter green represents 71% to 100%, and darker green represents 101% or more).
There were two options to read tips about healthy eating. The first option uses the "Read Tips on Healthy Living" page, which consists of buttons that link to external websites (e.g. NHS and BNF) about FV and liquid consumption). The second option uses the "Add My Fruit and Vegetable" page. Each time a user interacts with the app (e.g. adding a FV or liquid consumption), the tips at the bottom of the page change randomly (see Figure 1 (a-c)). The second option was also applied in the progress intake page. However, since there is no interaction apart from scrolling the progress list in this page, only one tip is randomly provided each time the user view this page. The tips were all taken from reliable sources in the UK such as from the NHS and BNF.
To maintain consistency, avoid confusion and reduce mental demand (Silva et al., 2015) , the design to add intakes, view progress, and read tips were similar for both FV and liquid.
Materials and Equipment
A user manual and a post-study questionnaire were developed and presented in large print (16pt). The user manual includes detailed explanations of how to use the app.
The post-study questionnaire includes the following rating items (all 1 -7 Likert items with 1most negative, 7most positive):
• ease of use to update consumption • usefulness of different options to update consumptions (e.g. add ½ serving or remove 1 serving) and to change liquid measurement option feature) • each app feature (e.g. view progress, read tips) for usefulness, helpfulness in raising awareness and motivation to eat more FV and to drink more liquids • if the overall usage of the app helped raise awareness or motivation to eat more FV and to drink more liquid • if eating and drinking habits changed during
the study Plus open-ended questions to gather further comments on the features of the app and demographic information. Participants also completed the System Usability Scale (SUS) (Brooke, 1996) .
In addition, a six-question post-study interview schedule was developed. The questions included what participants like and dislike about the app, what was easy and difficult to use, what changes they would like and what other comments they have about the app.
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During the briefing session, participants were shown the app on an iPad Mini (running iOS 9.3.5).
However, during the field study, participants used their own tablet computer.
Figure 1: (Clockwise from top left): The add fruit and vegetables page (a) the page with no intake yet, (b) the page with on-going intakes, and (c) the page upon reaching the daily target
Participants
The inclusion criteria were to be 65 years or over, live independently, either alone or with a partner, own a tablet computer, and to have access to the Internet. Fifteen participants took part in the study. Nine participants are women, six are men, their mean age is 70 years with a range from 66 to 78 years. All participants live with a partner. Four participants have secondary school education, four have a bachelors degree, four have a postgraduate degree and three have professional qualifications. Thirteen participants are retirees, two are working part-time. In addition, all participants are Internet users with experience ranging from 3 to 30 years. Eleven participants are computer users with experience ranging from 2 to 30 years. All participants are tablet computer users with experience from 1 month to 6 years. We did not assess the participants' current FV and drinking habits, as this is a sensitive issue.
Procedure
A one-to-one briefing session was held with each participant. The session took place in Interaction Lab at the Department of Computer Science, a quiet, private location or at the participant's own home. The session included an explanation of the purpose of the study, completing an informed consent form and a demonstration of how to use the app. Participants then explore the app themselves and asked questions. Each session lasted approximately 45 minutes.
After the briefing session, participants were given a unique username, the link of the app, and the user manual. Participants used the app for two weeks on their own, using it as much or as little as they chose. We made no further contact with participants during the two week period. However, participants were welcome to contact the first author if they needed help in using the app.
After the two week period, a debriefing meeting was arranged, again either in Interaction Lab or at the participant's own home. Participants completed a questionnaire about the app and were interviewed by the first author. They were then debriefed about the purpose of the study and invited to ask any questions about it. Participants were offered a gift voucher worth £50 to thank them for their time and efforts. Each debriefing session lasted approximately 60 minutes.
Data analysis
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A Shapiro-Wilk test showed that there was a significant skew in the distribution on majority of the Likert items in the post-study questionnaire. Therefore analysis of the statistical data was done using non-parametric tests. A thematic analysis (Braun and Clarke, 2006) was conducted on the qualitative data to identify the patterns of the participants' experiences of using the app. Figure 2 shows the total number of participants adhering to using the app for monitoring their FV and liquid intake during the 14 days of the study. Eight participants used the app for 14 days, 12 participants for 13 days, and 14 participants used for 10 days. Four participants continued using the app after the study completed. Reasons for not entering FV or liquid intake varied, with participants commenting being away from home (e.g. no Internet connection), feeling unwell, attending events during the weekends (e.g. attending weddings, funerals), or forgetting altogether thus missing to record their intakes on a given day.
RESULTS
Figure 2:
Participants' adherence to using the app A Spearman's rank-order correlation was run to investigate the relationship between the number of days using the app for FV and mean FV consumptions. There was no significant relationship found between the two measures, rs = .362, p = n.s. Nor was there a significant relationship between numbers of days using the app for liquid intake and mean liquid consumptions, rs = .344, p = n.s. Thus overall the length of using the app does not relate to FV and liquid intakes. Figure 3 shows the mean ratings of the usefulness of having different options to add or remove a consumption (for example "add ½ serving" or "remove 1 glass"). All add features scored above the midpoint of the scale (4). The "remove 1" option for FV and "remove ½" for liquid scored just around the midpoint. All other features scored below the midpoint.
A one-sample Wilcoxon signed-rank test of the usefulness of having different options to update an intake against the neutral mid-point rating of 4 showed that the mean for "add 1" feature for both FV and liquid scores were significant, Z = 120.0, p < 0.00 (FV) and Z = 91.0, p < 0.01 (liquid). There were no other significant effects.
When asked whether the adding FV/liquid and the option to change liquid measurements features were easy to use, participants gave high ratings. However, a Wilcoxon signed-rank test indicated that the mean of the ease of use of the adding intake features against the neutral mid-point rating of 4 were significant for Add FV (Z = 105.0, p < 0.00) and Add Liquid (Z = 105.0, p < 0.00) only. Figure 4 shows for the ratings for viewing progress. All the usefulness and awareness ratings were above the midpoint. In term of raising motivation to eat more FV/drink more liquid, viewing a chart of the last seven consumptions were rated less well than the overall intake view for both FV and liquid.
A Wilcoxon signed-rank test of the usefulness, awareness and motivation of having different options to view progress features against the neutral mid-point rating of 4 showed that the mean of the usefulness of viewing the overall list for both FV and liquid score was significantly higher than neutral, Z = 74.5, p < 0.004 (FV) and Z = 88.0, p < 0.002 (liquid). The mean of the awareness of viewing the overall list for both FV and liquid scores were also significant higher than neutral, Z = 79.0, p < 0.17 (FV) and Z = 89.0, p < 0.002 (liquid). There were no other significant effects found.
Figure 4:
Mean rating of usefulness, awareness, and motivation of having different options to view the progress Figure 5 shows the rating for the tips options.
Reading FV and liquid tips were found useful and raise more motivation to eat more FV / drink more liquid at the tips page. However, reading FV and liquid tips were found to raise more awareness to eat more FV / drink more liquid while updating consumptions.
A Wilcoxon signed-rank test of the usefulness, awareness and motivation of having different options to read tips against the neutral mid-point rating of 4 showed that only the mean of the usefulness of reading FV and liquid tips at the tips page score were significantly higher than neutral, Z = 83.5, p < 0.007 (FV) and Z = 55.0, p < 0.046 (liquid).
Figure 5:
Mean rating of usefulness, awareness, and motivation of having different options to read tips Figure 6 shows very little difference in terms of usefulness and raising awareness in seeing the congratulations message upon reaching the daily target for both FV and liquid. However, seeing the message motivated to drink more liquid than eating more FV.
A Wilcoxon signed-rank test of the usefulness, awareness and motivation of seeing congratulation messages against the neutral mid-point rating of 4 showed that none of the features were significantly different from neutral.
Figure 6:
Mean ratings of usefulness, awareness, and motivation of congratulation messages Figure 7 shows that, overall, using the app made the participants more aware and more motivated to eat more FV and to drink more liquid. Participants moderately agreed with the idea that they ate more FV and drank more liquid during the study than before.
A Wilcoxon signed-rank test of the overall awareness, motivation and eating/drinking habits of using the app against the neutral mid-point rating of 4 showed that only the mean of awareness scores were significantly higher than neutral, Z = 103.0, p < 0.001 (FV) and Z = 103.0, p < 0.001 (liquid).
Figure 7: Mean ratings of overall awareness, motivation and eating/drinking habits of using the app
Participants were asked about the most motivating features of the app that encourages them to eat more servings of FV and drink more liquid. For both FV and liquid, the ability to view the list of overall consumption was ranked the highest motivating features by seven participants. The list of overall consumption for both FV and liquid was also found to be more useful, raise more awareness, and motivate them to eat more FV and to drink more 7 liquid as compared to viewing the chart of the last seven intakes (see Figure 4 , above).
The System Usability Scale (SUS) was used to measure the app's usability (Brooke, 1996) . The mean SUS score was 89.17, indicating that the participants found the app highly usable.
Analysis of interview questions
The analysis of what the participants said they liked about the app produced two main themes: (a) ease of use, and (b) usefulness of the app. The findings of each theme are elaborated below.
Ease of use of the app
Participants' main comments in terms of the app's usability and acceptability was the ease of use of the app and that it was easy to understand:
that it was easy to use well it was obviously what it was for very straightforward and it was a nice way to record information and I can just press a button and see all my history and that's what I like P10
A majority of participants found the practice session prior to the study was helpful to gain understanding of using the app. In addition, some participants mentioned referring to the user manual prior the study to gain understanding of using the app:
I found it all easy I am not a technical person but once it was explained to me the practice session helped because if I was given to it just like that I don't think I would be confident enough to use it P14 I did read the instruction to begin with that was straightforward so yes, it was very straightforward with both liquid and fruit and vegetables P13
Further comments from the participants highlighted that the ease to use and the way the app was designed encouraged them to want to use the app. The simplicity of the app was crucial to gain the participants' enthusiasm to use the app:
it is easy to use and importantly the way it is designed makes you want to use it P2
Participants were not fearful of using new technologies, despite having different technology backgrounds, particularly in using a touchscreen. Our findings also suggest that these older adults are interested in investing time and effort in using new technologies as long as the technologies brings benefits for them:
I prefer to play with the system to lose my fear of the system it took me three days to get the understanding of how the app works P5
if it got into taking more of my time I'd get impatient with it I like that I can do it quickly and forget about it and the fact that you can do it anytime P15
Usefulness of the app
The analysis revealed four sub-themes in related to the usefulness of the app: (a) raises awareness to eat and drink healthy and to facilitate selfmonitoring diet, (b) encourages positive behaviour change, (c) potential to support memory and enhance learning and (d) potential to improve social interaction. The findings of each sub-theme are elaborated below.
Raises awareness to eat and drink healthy and to self-monitor diet
The results revealed that one of the main advantages of using the app is its capability to raise awareness to eat more FV and drink more liquid. This is important for the participants to improve health, longevity, and independence as studies have shown that older adults prefer to be independent for as long as they can (Demiris et al., 2004 , Chaudhuri et al., 2015 , rather than relying on others (e.g. family members or carers) to perform daily activities. Our participants indicated that the app showed them their current eating and drinking habits, which triggered awareness to eat and drink more healthily;
this study tells me more about myself I did not know that I don't drink enough or eat enough but now be able to see it P15
The app was found useful to keep track of the participants' eating and drinking habits. Participants highlighted the app acted as a motivational tool to support them to self-monitor their diet:
I like the fact that it made you very aware of what you're eating and drinking I find it very helpful because I know you know that we have to eat FV and all but keeping a record of it you know you can see what how much you eat actually it is very helpful P13
Participants felt the app made them reflect on what they have been consuming. Participants also find it interesting to be able to monitor and analyse their intake:
it was a simple way to look back at what I have been eating and drinking in a day quite nice to see quite precisely P11
Each feature of the app was found to positively encourage the participants to self-monitor their diet. Participants emphasized that the bar chart to show their weekly progress was useful to monitor their progress:
I like the bar chart it's good to see it affects my behaviour to get better readings P5
Nevertheless, participants also found the list to show the overall progress interesting to selfmonitor their diet:
I found it [list chart] interesting to follow my whole progress P3
The use of the traffic light metaphor as a form of feedback was also found to motivate the participant to change their diet and to keep using the app. This finding contradicts with the findings by previous studies, for example by Doyle et al. (2014) and Grimes et al. (2010) , where some older adults in their studies did not understand the concept of the traffic light metaphor as a form of feedback while using apps. Our participants commented:
I like the traffic colour code it made me wanting to use the app more so that I can avoid seeing red P5
it's a motivation to see the 100 per cent and the greens all the time P8
The recommendation of daily servings for FV and liquid intakes was also found to raise awareness to eat more FV and drink more liquid. This supports findings from previous studies that older adults are more likely to agree using self-monitoring technologies and to adhere to the recommendations when the use of technologies can improve their health (Fowles et al., 2004) :
I can see that I am eating and drinking enough according to the recommendation it's good to know the target though I know at sometimes I'm above it and sometimes I am below makes me realise that I have to eat and drink more some of these things P11
The tips section was also found to raise awareness to eat and drink healthy. The findings show that the tips, both at the tips page and the add intake page, motivated the participants to improve their diet: this [tips at tips page] is ok because I was conscious of not drinking enough it did motivate me to drink more P14
interesting to see the tips [tips at add intake page] changes all the time keeps me motivated p15
The design, colours and images used in the app also raised awareness to eat and drink healthy. Participants emphasized the simplicity of the interaction design to update an intake was satisfying and the design reminded them to eat and drink healthily: the hearts the shape the colours it reminds you that this is good for your heart and eating healthy P9 to see the hearts it's more satisfying I enter an intake and this little heart changes colour I like that actually I really really like that P10
Encourage positive behaviour change
Apart from raising awareness and encouraging self-monitoring of diet, the app was also found to motivate the participants to make positive changes to their diet: I think it came on the right time for me there's been quite a lot about drinking water I have decided to cut down a lot on alcohol because it interferes with my sleep I now drink coffee in the morning and then tea later I drink more juices now P5 Participants emphasized the progress options showed clearly how much FV and liquid they consumed, thus motivating them to change their diet. The willingness to change is important for their health as this age group are often linked to various health problem, such as dehydration, that can cause various negative consequences including increased risk of infections of many kinds, increased falls due to dizziness, and difficulties metabolizing medications (Abdallah et al., 2009 ). Some of the participants commented: looking at the reds in the graphs does affect me it did made me wanting to drink more and eat more it brings the good effect to change P13
The congratulations message was also found to be helpful in motivating the participants to eat healthily. Participants were also keen to maintain eating healthily to be able to receive the message: this message is very encouraging and therefore motivates me to maintain or do better P2
The tips encouraged participants to eat and drink healthily, especially to incorporate more variety of FV and drinks to their diet: I like the random messages it helps to think about what to eat drink change or buy to fulfil the target P1 Participants were also surprised to learn how much FV and liquid they consumed on a daily basis and throughout the study:
I was surprised at how much I did drink P7
Over the period of the trial I increased my daily consumption of fresh fruit and enjoyed eating it P2
In overall, the qualitative findings suggest that the app was successful in promoting positive behaviour change through the use of the various features in the app. The app did successfully raise the participants' awareness to eat and drink healthily, encourage them to self-monitor their diet and it also improved their healthcare knowledge.
Potential to support memory and enhance learning
The app was also found to potentially support participants' memory. We did not assess the impact of using the app on participants' memory, however, repeated comments from participants commented on how the app support their memory, an area which this age group often require assistances (Maciuszek et al., 2005) . The use of mobile technology has also shown to improve cognitive abilities among older adults (Chan et al., 2016) . In our study, participants were required to remember what they had consumed and update their intake and that this could possibly support their memory ability. Comments from participants included: the app is good at one point because we have to calculate first what we drunk say for example a bottle is 500ml so it's 1 2 and half P14
The app was also found to educate the participants with new knowledge and encourage learning. Participants commented that the tips sections provided a better understanding of FV and liquid intake making them want to learn more about healthy living: I always read the tips to get an idea what is a serving and then update my intake P8
Although some of the participants were not Apple users, they managed to quickly understand how to navigate to using the app. As one of the participants noted: I realised that the back and logout was all on the left where as most system on the computers they have the X on the right don't they … but the good thing about your design is that everything is on your left so back back back then you're off P12
Potential to support social interaction
Another less frequently mentioned but important finding is the app can potentially support social interaction among family members, while they improve their dietary habits. We did not explicitly assess the impact of using the app on participants' social interaction, however, the comments indicate that some participants found the app contributed to their social interaction. Two couples who participated in the study used the app like a game, seeing who reached their daily target first. Participants were found sharing their progress with their partners and, one participant shared and analysed his progress with his wife every day, even though she was not part of the study. One of the couple participants further suggested making the app accessible among family members. Comments from participants included:
I like comparing my hearts and cups with [P11] I usually get more perhaps can add social groups among family not with everyone P10 the fact that we used it daily I like that it's an everyday thing each morning I'll enter what I had the previous day and analyse my intakes with my wife P5
These participants made changes to their diet to fulfil the recommended daily target. These examples shows that communicating and social interaction is important (Grimes et al., 2010) , be it to analyse daily intake or to compare each other intake's progress, as loneliness, social isolation, and poor diet can cause health problems and often appear as an issue for this age group (Ong et al., 2015) .
When asked about the dislikes of the app, participants found the tips section was too general for people of their age, and wanted more specific tips on healthy living. Participants also found the login process 3 cumbersome since they were using their own tablet computers, especially the fact that the app auto-logged them off if there were no interaction made after a few minutes. Any interaction done after the auto logged out would not be updated in the app. As one of the participant commented:
sometimes when you are log in and updating your liquid in and you want to update your vegetables in it won't let you so you have to 10 log out and come back in and check so I found that very fiddly P10 Some participants thought their intakes were updated but only realized that the intakes were not updated once they looked at their progress option, but they could not edit their intake. This contributed to another dislike about the app, that it did not allow editing of previous intakes, especially for days on which participants missed updating their intake. However, some participants raised concerns about changing this feature. They noted that people would perhaps tend to not update their intakes on a daily basis (knowing that they could make updates on later days), which would lead to not using the app accurately. One participant further commented that allowing people to edit previous intakes opens up the possibility of cheating on reporting. Two other participants suggested allowing editing for just a few days back, because people will tend to forget what they had consume if it was far back anyway.
There were suggestions for improving the usability of the app. One participant commented that updating FV using '½ serving' and '1 serving' can be difficult if one does not know what counts as a serving. She suggested having buttons labelled with the serving sizes of different FV, and then one could tap on those buttons to add servings. Three other participants suggested separating the FV and liquid into different options (e.g. apple, broccoli, coffee, juice) so they can see exactly what they have consumed.
Another suggestion was to have more colours representing the FV consumption rather than only having green and red (see Figure 1(c) ). This participant suggested having a panel of colours to appear after tapping the '½ serving' or '1 serving' buttons, and then one could tap on any colours that matches the FV to add servings. There were also participants who preferred having different measurement options to update the liquid intake, for example using mugs or bottles. One participant preferred to be able to enter his own liquid intake volume rather than having a fixed volume labelled on a button.
Two participants suggested having time features when updating an intake. These participants commented that a time feature would help them to remember which update was for which intake. Three participants suggested having bigger gaps between the buttons for adding servings. Four participants commented to use different colours in the app. A number of participants highlighted the tips at the adding intake page was too far from the buttons, and therefore not very noticeable. Two participants suggested adding animation to attract them to read these tips. Three participants noted their main concern at the adding intake page was to add their intake and not to read tips; they wanted to read tips at the tips page.
Two participants suggested showing the exact number of icons for the hearts and cups that correspond to the goal, especially once they have reached their daily goal. One participant noted it was difficult to see whether the intake was updated or not by relying just on the percentage. The other participant noted that it is more satisfying seeing the icon to change colour than seeing the percentage increasing.
There was also some confusion on the date format used in the app, as it followed the United States (US) style. Participants preferred the date to be in the UK format. A number of participants who were not used to the Apple design conventions (Apple, 2017), and were confused to have the "back" button appear on the top-left side of the screen.
DISCUSSION AND CONCLUSIONS
This paper reports the result of a two week field study to investigate the use of a tablet computer app to support healthy living among older adults, in terms of eating sufficient fruit and vegetables and drinking sufficient liquid.
Participation in the field study was good. Just over half the participants used the app for the whole 14 days, and nearly half used the app for 10 out of the 14 days, and there were no drop-outs. There were a number of legitimate reasons for missing days, but in general participants were eager to use the app.
We included a number of features in the app to raise awareness about healthy eating and drinking and to motivate people to eat more fruit and vegetables and to drink more liquid. All features scored above the midpoint of the rating scale for usefulness except for the removing intake options and the change liquid measurement options. All features also scored above the midpoint of the rating scale for ability to raise awareness and motivation to eat and drink more except for the bar chart for viewing weekly progress, which did not found to be motivating.
Participants also ranked viewing the list of the overall progress for both FV and liquid intakes as the most motivating features that encourage them to eat more FV and to drink more liquid. The list option was also found to be more useful, to raise more awareness, and motivate them to eat more FV and to drink more liquid as compared to viewing the chart of the last seven intakes. Arsand et al. (2010) to self-monitor diet for diabetes participants (mean age = 56 years) also found that users preferred the ability to track and view their entries as compared to other features such as setting personal goals. A review paper on behaviour change techniques of 64 apps on iTunes and Google Play also confirmed that providing feedback on performance is the most frequently used technique to promote health behaviour change (Middelweerd et al., 2014) .
The qualitative findings from this study also confirm outcomes of previous studies. Two major themes in related to the participants' experiences of the app were identified. The themes were ease of use and usefulness of the app.
In terms of ease of use, participants found the app easy to use, straightforward and designed to do what it supposed to do. In terms of usefulness, four sub-themes were found related to the participants' experiences of using the app. The sub-themes were (a) raising awareness to eat and drink healthily and to facilitate self-monitoring diet, (b) encouraging positive behaviour change, (c) potential to support memory and enhance learning and (d) potential to improve social interaction.
The two major themes were also found in studies of apps with older adults to improve health by Hakobyan et al. (2016) , King et al.,(2013), and Arsan et al. (2010) . The current results also support previous findings that older adults find using apps useful as a motivational tool to support maintaining and self monitoring their lifestyle despite having different technology backgrounds, particularly in using touchscreens.
Each feature of the app in the current study was found useful, raised awareness and motivated participants to eat more FV and to drink more liquid. As noted, this is important for the participants to improve health, longevity, and independence as studies have shown that older adults prefer to be independent for as long as they can (Demiris et al., 2004 , Chaudhuri et al., 2015 . Furthermore, although not formally tested, the unexpected but encouraging findings from the qualitative findings showed that the app also supported memory abilities, enhanced learning and potentially improved social interaction, areas that are often problematic for older adults (Maciuszek et al., 2005 , Ong et al., 2015 .
We will take in consideration all comments and suggestions given by our participants in further developing the app, although we are aware that designing an app that fits all users, especially older adults, is perhaps impossible. Future work will also include investigating the suggestions given by our participants to see if it can raise awareness and motivates them to eat more FV and drink more liquid.
One limitation of this study is that participants only used the app for two weeks. This is not a long period of time to establish whether the app would be used if participants had it available for a long period and whether it would continue to motivate them in eating and drinking healthily. That said, health behaviour change is only beneficial when observed over a long period of time (Connor and Norman, 2005) . However, the purpose of this study was to establish the usability and overall acceptance of an app in the nutrition and hydration area by older adults, and the results suggest this is very much the case.
